Improved binary constant weight codes with minimum distance 4 and length at most 28 are constructed. A table with bounds on the chromatic number of small Johnson graphs is given.
 000000010011111  100000011011001  000000111011010  100000010111010  100000010100111  000001110010110  000101010001110  000001111001001   000001111100100  000001110110001  100000110101100  000011010001101  000001110101010  000101010010101  000011010011010  000011011110000   100001110000101  000101111000010  100101010001001  100011010010001  100001111010000  000111110010000  100011110000010 
A(16, 4, 5) ≥ 322
We show A(16, 4, 5) ≥ 322 using the group of order 21 that fixes the first two coordinate positions, and acts on positions 0-13 with the two generators (0,2,1,4,5,3,6) (7, 9, 8, 11, 12, 10, 13 ) and (0,2,4)(1,3,5)(7,9,11) (8, 10, 12 
A(16, 4, 6) ≥ 616
We show A(16, 4, 6) ≥ 616 using a group of order 32 isomorphic to the direct product C 2 × D 16 , generated by the three permutations (0,1,2,3,4,5,6,7)(8,9,10,11,12,13,14,15), (0,1)(2,7)(3,6)(4,5)(8,9)(10,15) (11, 14) (12, 13) , (0, 8) (1,9)(2,10)(3,11)(4,12)(5,13)(6,14)(7,15).
The 27 base blocks :   0000000111000111  0000000100101111  0000000101110011  0000000110111010  0000010101011100  0001000100111001  0000011100000111  0000011100011001  0000011100101100   0000011101001010  0000011101110000  0000100110110001  0000100110010110  0000001110110100  0000101100010011  0000101100001101  0000101110001010  0000101100100110   0000101101010100  0000101101101000  0001001110100010  0001001101010010  0001001101100100  0001001111001000  0001000101010101  0001010110100100  0010010101001001 
A(18, 4, 5) ≥ 544
We show A(18, 4, 5) ≥ 544 using a cyclic group of order 17 that fixes the first coordinate. The 32 base blocks : 001111000000000001  011101010000000000  011100100000100000  011100001100000000  011100000001001000  011010010000100000  011010001000001000  011010000100010000  011001001010000000  011001000100001000  011001000000100010   011001000000010100  011000110001000000  011000101000000100  011000100110000000  011000010010000010  011000001000010010  011000000101000010  011000000100100100  011000000010101000  010101001000000100  010101000000101000   010100101000001000  111100000010000000  111010000000000100  111000100000000010  111000010000001000  111000001001000000  110101000000010000  110100100000000100  110100010000100000 Table 1 below gives lower bounds on A(n, d, w), the maximum size of a binary constant weight code of word length n, minimum distance d, and constant weight w, where d = 4 and 2w ≤ n. These lower bounds are obtained using the partitioning construction discussed below. Legenda: s : shortened code. S : Steiner system S(5, 6, 24). g : a group code from [2] .
n : idem from [12] . p : product construction from [2] . eb : idem from [6] . Unmarked entries are from this paper.
The Partitioning Construction
A partition Π(n, w) = (C 1 , ..., C m ) is a partition of the set of all n w binary vectors of length n and weight w into codes C i that all have minimum distance at least 4. By definition, C j = ∅ for j > m.
The direct product Π(n 1 , w 1 ) × Π(n 2 , w 2 ) of two partitions (C 1 , ..., C m1 ) and (D 1 , ..., D m2 ) is the code i C i * D i (of word length n 1 + n 2 and weight w 1 + w 2 and size The partitioning construction for codes of length n, weight w and minimum distance 4 constructs the code C = i Π(n 1 , 2i + ) × Π(n 2 , w − 2i − ) where n = n 1 + n 2 and ∈ {0, 1} and the union is over all i with i ≥ 0 and 2i + ≤ w.
It is usually nontrivial to construct the required ingredients Π(n, w). However, for w ≤ 1 the partition is trivial, namely the partition into singletons, and for w = 2 the optimal partition is that of the n(n − 1)/2 pairs into n − 1 parts of size n/2 if n is even, and into n parts of size (n − 1)/2 if n is odd. Partitions Π(n, w) and Π(n, n − w) are related by complementation. It is always possible to find a Π(n, w) with at most n parts, cf. [9] . 
Improvements by Etzion & Bitan
The code C that results from the partitioning construction is not always maximal. Etzion & Bitan [6] gave a handful of examples of improvements. Let us redo two of their examples here (using improved ingredients). (11, 5) and Π(10, 4) we used partitions with 9 parts, for Π(11, 3) the Etzion-Bitan partition with 9 parts of size 17, 1 part of size 3, and 9 parts of size 1, where the 9 parts of size 1 are the triples covering the pair 0 9 1 2 . Only the first 9 parts were used, and of Π(11, 1) also only the first 9 parts were used, so that the vector 0 9 1 2 has distance at least 3 to all second halves used so far, and A(10, 4, 5) = 36 vectors u * 0 9 1 2 can be added. 
Partitions used
We give the vector of part sizes for the partitions used to construct the codes in Table 1 . The actual partitions can be found near [1]. We give a partition Π(11, 4) with 10 parts 35 35 35 35 33 32 32 32 31 30 explicitly (in the notation of [2] ).
We also give a partition Π (11, 5) 
Chromatic numbers
The Johnson graph J(n, w) is the graph on the binary vectors of length n and weight w, adjacent when they have Hamming distance 2. The graphs J(n, w) and J(n, n − w) are isomorphic. The chromatic number χ = χ(n, w) = χ(J(n, w)) is the smallest number of distance-at-least-4 codes its vertex set can be partioned into. One has max(w + 1, n − w + 1) ≤ χ(n, w) ≤ n, where the lower bound is the size of a maximal clique, and the upper bound is due to [9] . One also has the monotonicity inequalities χ(n, w) ≥ χ(n − 1, w − 1) and χ(n, w) ≥ χ(n − 1, w). A table of lower and upper bounds for χ follows. The cases w = 1 and w = 2 are trivial. For w ≥ 3 and n ≤ 14 the upper bounds were already given in [2] (Table VI) , except that χ(11, 4) ≤ 10 and χ(11, 5) ≤ χ(12, 6) ≤ 9 were given above, and χ(12, 5) ≤ 11 follows from a partition Π(12, 5) with parts 72 11 given in [6] . That χ(15, 3) = 13 follows from the existence of a large set of STS(15) ( [3] ). Optimal partitions Π(11, 3) with parts 17 9 12 and Π(17, 3) with parts 44 15 20 were given in [10] . An optimal partition Π(16, 3) with parts 37 15 5 was constructed by Doron Cohen and given in [4] . In particular, χ(16, 3) = 16, in spite of the claim in [6] that χ(16, w) ≤ 15 for 2 ≤ w ≤ 6. A partition Π(16, 4) with parts 140 6 136 6 116 48 was given in [5] . That Π(16, w) ≤ 15 for w = 6, 8 follows from [8] . A partition Π(16, 5) with parts 302 14 140 is found by the product construction from [8] , since one can take the union of the last two parts of size 70 each.
Concerning the lower bounds for w ≥ 4, all except two follow from monotonicity. We verified explicitly that χ(9, 4) > 7-there are five, not seven mutually disjoint codes of word length n = 9, constant weight w = 4 and size 18. That χ(15, 5) > 11 follows since there is no Steiner system S(4, 5, 15) ( [11] ), let alone eleven mutually disjoint ones.
In the case of J(10,4) there exists a coloring with 9 colors where the last color is used only once. So J(10,4) minus a vertex has chromatic number 8.
It would be interesting to give more general constructions for colorings of J(n, w) with fewer than n colors.
